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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a setting tool having a sleeve- 
shaped housing, a piston guide, a piston displaceable in the piston guide, an 
ignition unit located in the housing and axially displaceable therein, a cartridge 
chamber arranged between the piston guide and the ignition unit, with the 
ignition unit having a cartridge chamber bottom for enclosing a propellant in 
the cartridge chamber and an ignition element for igniting the propellant. 

2. Description of the Prior Art 

Setting tools of the type described above can be driven by solid 

fuels in powder form or pellet form. In this setting tool, the setting or drive 
piston is driven by combustion gases. With the setting piston, fastening 
elements are driven into constructional components. German Publication DE- 
195441 05 Al discloses an explosive powder charge-operated setting tool in 
which a piston guide and an ignition unit with a displaceable ignition pin are 
arranged in the tool housing, with the piston guide and the ignition unit axially 
movable relative to the housing against a biasing force of damping means 
supported in the housing. Before start of a setting process, first, a propellant 
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should be enclosed in the cartridge chamber of the setting tool. To this end, 
upon the setting tool being pressed against a constructional component, the 
piston guide that carries the cartridge chamber, in which at that point in time an 
unused cartridge is located, is pressed against tiie ignition unit. The ignition 
unit carries the cartridge chamber bottom that closes the cartridge chamber, 
enclosing the propellant (cartridge) in the cartridge chamber. The ignition of 
the propellant is effected upon actuation of the ignition pin that projects forward 
from the ignition unit. The drawback of the known setting tool consists in that 
because of a comparatively long time the propellant is enclosed in the cartridge 
chamber, after a prolong operation of the setting tool, the propellant can self- 
ignite because of heating of the cartridge chamber. 

Accordingly, an object of the present invention is to provide a 
setting tool of the type described above in which the above-discussed drawback 
is eliminated. 

SUMMARY OF THE INVENTION 

This and other objects of the present invention, which will become 

apparent hereinafter, are achieved by providing in a setting tool, a locking 
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device having a locking position in which the ignition unit is held in a pre- 
loaded position against an energy accumulator and in which the cartridge 
chamber remains open, and having a release position in which the ignition unit 
is displaced to its ignition position by the energy accumulator and in which the 
cartridge chamber bottom closes the cartridge chamber. 

A setting tool according to the present invention is characterized 
by a locking device or mechanism with which the ignition unit is held in a pre- 
loaded position against an energy accumulator in which the cartridge chamber 
remains open. Upon actuation of appropriate actuation means, the locking 
device releases the ignition unit which is displaced in its ignition position by the 
energy accumulator. The cartridge chamber bottom, which is carried by the 
ignition unit, closes the cartridge chamber, and the ignition element, which is 
also carried by the ignition unit, ignites the propellant enclosed in the cartridge 
chamber. The elements according to the present invention insure that the 
propellant remains in the cartridge chamber for a very short time and that the 
cartridge chamber, which becomes heated after a prolong use of the setting tool 
is held at a distance from the cartridge strip. The ignition imit is displaced into 
its ignition position after actuation of the ignition process very rapidly, so that 
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the thermal conditions, which lead to an undesirable ignition of the propellant, 
are prevented. 

In an ideal case, the ignition element, e.g., an ignition peg or pin is 
fixedly secured on the ignition unit and is displaceable therewith. This permits 
to initiate ignition of the propellant simultaneously with the closing of the 
cartridge chamber with the cartridge chamber bottom that is carried by the 
ignition unit. The present invention permits to eliminate a number of 
components and manufacturing processes during manufacturing of the setting 
tool, as there is no need in a separate, displaceable ignition pin. 

The locking device according to the present invention can include 
at least one locking element, which can be formed, e.g., as a pivotally supported 
locking pawl. In the locking position of the locking device or the locking 
element, the pawl section of the locking pawl extends into the displacement 
path of the ignition unit, holding the ignition unit against a biasing force of the 
energy accumulator acting on the ignition unit. The locking pawl can be 
pivoted out of the displacement path of the ignition unit with a very simple 
mechanism, e.g., upon actuation of the actuation switch. Preferably, in an 
advantageous embodiment of the present invention, the locking element or the 
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locking pawl is supported on a bearing axle supported on the housing, which 
permits to obtain a very robust constructions. 

When the locking element is supported on a bearing axle that is 
carried by a servo component displaceably arranged on the setting tool, the 
locking element can function as entrain member for the ignition unit. With 
such an entrain member, the ignition unit can be displaced, after the setting 
process has been initiated and completed, again to its intermediate position, i.e., 
in its ignition-ready, pre-loaded position. The servo component can be fixedly 
connected with the piston guide and/or the bolt guide or even formed with the 
piston or bolt guide as a one-piece part. Thus, during a press-on process, the 
servo-component, together with the locking element, entrain member, can be 
displaced together with the displacement of the piston guide and/or bolt guide, 
displacing the ignition unit into its ignition-ready position. 

In order to be able to use the complete press-on path of the setting 
tool, the servo-component has a length corresponding to a maximal press-on 
path of the setting tool. 
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In an advantageous embodiment of the present invention, the 
setting tool is provided with a safety element, e.g., a catch pawl. The safety 
element extends, in its safety or locking position, into the displacement path of 
the ignition unit. With the safety element, the catch pawl, the ignition unit can 
be held back, upon opening of the cartridge chamber as a result of spring-back 
or recoil of the ignition unit, from impacting the cartridge chamber again. This 
advantageously prevents multi-ignition of the propellants located in the 
cartridge chamber during a setting process. 

Advantageously, the locking element and/or the safety element are 
spring-biased toward their respective locking positions. As a result, means 
needs to be provided for pivoting the locking element and/or the safety element 
out of the displacement path of the ignition unit. However, both elements are 
automatically displaced by spring means into their respective locking positions. 

As the locking element, the safety element, the catch pawl, can 
also be formed as an entrain member with which the ignition unit can be 
displaced to its ignition-ready, pre-loaded position. 
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An entrain member can be displaced out of the displacement path 
of the ignition unit to its release position in a simple way by crank means such 
as, e.g., sUding block, crank guide, or the like. 

When the locking pawl is so arranged in the rear region of the 
setting tool so that the pawl section, which extends into the interior of the 
housing, is spaced from a stop provided at the rear end of the housing by a 
distance corresponding substantially to the length of the ignition unit and the 
length of a damping element, in case the damping element is arranged in the 
housing against the stop, the ignition unit can be held in its pre-loaded position 
against the biasing force of an energy accumulator or a spring when the ignition 
unit is displaced to its pre-loaded position as a result of recoil or spring back. 

According to a fijrther advantageous embodiment of the present 
invention, the guide for a cartridge strip is so secured that in the inoperative 
position of the setting tool, when the setting tool is not pressed against a 
constructional component, the cartridge strip is spaced from both the cartridge 
chamber and the ignition unit. 
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According to another advantageous embodiment of the present 
invention, the guide for the cartridge strip is secured at the front end of the 
ignition unit on its side facing the cartridge chamber and is displaceable with 
the ignition unit. With this arrangement of the cartridge strip guide, heat 
transmission from a heated cartridge chamber to the cartridge sfrip, in the 
inoperative position of the setting tool, is also prevented. 

The novel features of the present invention, which are considered 
as characteristic for the invention, are set forth in the appended claims. The 
invention itself, however both as to its construction and its mode of operation, 
together with additional advantages and objects thereof, will be best understood 
from the following detailed description of preferred embodiments, when read 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings show: 

Fig. 1 a longitudinal cross-sectional view of a first embodiment 
of a setting tool according to the present invention in an 
inoperative position thereof; 
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Fig. 2 a longitudinal cross-sectional view of the setting tool 
shown in Fig. 1 in a press-on condition of the tool; 

Fig. 3 a longitudinal cross-sectional view of the setting tool 
shown in Fig. 1 in a press-on condition of the tool with 
an actuated ignition unit; 

Fig. 4 a longitudinal cross-sectional view of the setting tool 
shown in Fig. 1 in a press-on condition of the tool with 
an actuated ignition unit, and with the propellant in the 
cartridge chamber; 

Fig. 5 a cross-sectional longitudinal view of the setting tool 
shown in Fig. 1 in the press-on condition of the tool after 
completion of a setting process; 

Fig. 6 a longitudinal cross-sectional view of a second 
embodiment of a setting tool according to the present 
invention in an inoperative position thereof; 

Fig. 7 a longitudinal cross-sectional view of the setting tool 
shown in Fig. 6 in a press-on condition of the tool; 
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Fig. 8 a longitudinal cross-sectional view of the setting tool 
shown in Fig. 6 in a press-on condition of the tool with 
an actuated ignition unit, and with the propellant in the 
cartridge chamber; 

Fig. 9 a longitudinal cross-sectional view of a third embodiment 
of a setting tool according to the present invention in an 
inoperative position thereof; and 

Fig. 10 a longitudinal cross-sectional view of the setting tool 
shown in Fig. 9 in a press-on condition of the tool with 
an actuated ignition unit, and with the propellant in the 
cartridge chamber; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A setting tool 10 according to a first embodiment of the invention 
and which is shown in its inoperative position in Fig. 1, includes a one- or 
multi-part housing 1 1 and a piston guide 13 supported in the housing 1 1 . A 
piston 15 is displaceably supported in a hollow chamber 14 of the piston guide 
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13. The piston 15 is driven by propellant 25 or its expending combustion gases. 
In the embodiment shown in Figs. 1-5, a handle 21 is secured on the housing 
1 1 . The handle 21 carries an actuation switch 16 for initiating a setting process 
by a user of the setting tool 10. The handle 21, which is shown in Figs. 1-5, is 
not shown in Figs. 6-10, though the setting tool shown in Figs. 6-10 can also be 
provided with a similar handle. It should be understood that the setting tool 10, 
in addition to the housing 11, can have further housing components or an outer 
protection housing formed, e.g, of a plastic material. 

The piston guide 13 is displaceable arranged in a sleeve-shaped 
housing 1 1 and is supported against the housing 1 1 by a spring 40. In a portion 
of the housing 1 1 remote from the piston guide 13, there is arranged an ignition 
unit 12 which is supported against a rear stop 17 provided in the housing 1 1 by 
an energy accumulator 23, e.g., a spring. At the front of the ignition device 12, 
i.e., on its side adjacent to the piston guide 13, there is provided a bottom 19 of 
a cartridge chamber and from which an ignition element 22 projects. The 
ignition element 22 is formed as an ignition peg. 

In the housing 1 1 , there is also provided a damping element 20 
likewise supported against the stop 17. The damping element 20 is designed for 
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absorbing the recoil of the ignition unit 12 after the ignition. In the 
embodiments shown in the drawings, the damping element 20 is formed as an 
elastic ring member. However, other embodiments of the damping element 20 
can be used such as, e.g., a hydraulic shock absorber that can be combined with 
a spring element. 

The spring 40 can be formed, e.g., as a compression spring, so that 
the piston guide 13 at least partially extends from the housing 11, when the 
setting tool is not pressed against a constructional component, as shown in Fig. 
1 . A setting process with the setting tool 10 can only be initiated when the 
setting tool 10 is pressed against a constructional component with its bolt guide 
24 which is located in front of the piston guide 13. It should be pointed out that 
the bolt guide 24 can also be displaceable arranged relative to the piston guide 
13. 

In the housing 1 1, there is ftirther arranged a stop 37 against which 
the piston guide 13 is displaced when, upon the setting tool being pressed 
against a constructional component, it moves inward into the housing 11, and 
against which the ignition unit 12 moves in opposite direction when being 
displaced to its ignition position. 
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On the piston guide 13, there is further provided a cartridge 
chamber 18 in which the propeilant 25 is received, as shown in Fig. 2. The 
propellant 25 in the embodiment shown in the drawings is in form of a cartridge 
retainable in a cartridge strip 26. In the drawings, the cartridge strip 26 is 
shown, for the sake of clarity, with a single cartridge, with other cartridges not 
being shown. The cartridge strip 26 is displaced in a guide 36 by a transporting 
mechanism (not shown) that advances a single cartridge after completion of a 
setting process. 

The setting tool 10 further includes a locking device 30 that can 
temporary retain the ignition unit 12 in a pre-loaded condition which is shown 
in Fig. 2. The locking device 30 essentially includes a pivotal locking element 
31 that is supported on a bearing axle 44 that forms part of a servo-component 
43. In the embodiment shown in the drawings, the locking element 31 is 
formed as a detent pawl 41 . The servo-component 43 is formed as a rod-shaped 
member and is fixedly connected with the piston guide 13. The servo- 
component 43 forks off at its front end 43a, forming an extension extending 
through a recess 52 in the housing 1 1 . 
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A safety element 33, which is fonned as an entrain member, is 
pivotally supported on an axle 45 located outside of the housing 1 1 . The safety 
element 33 is designed for catching the bouncing ignition unit 12 after 
completion of the ignition process. In the embodiments shown in the drawings, 
the safety element 33 is formed as a catch pawl 46. In Fig. 1, the catch pawl 46 
is shown in its locking position 48 in which the catch pawl 46 retains the 
ignition unit 12 in an intermediate position 27, preventing the ignition unit 12 
from being driven by the energy accumulator 23 toward the propellant 25. The 
catch pawl 46 extends through a recess 53 or slot in the housing 1 1 . 

Fig. 2 shows a position of the setting tool 10 when the tool is 
pressed against a constructional component. The piston guide 13 is displaced 
into the housing 1 1 against the biasing force of the spring 40, whereby the 
propellant 25 is received in the cartridge chamber 18. However, practically, the 
propellant 25 has no contact with the walls of the carfridge chamber 18. The 
locking pawl 41 extends through the recess 52 in the housing 11, engaging with 
its pawl section 42 an engagement part 32 of the ignition unit 12. Upon 
displacement of the piston guide in a direction 51, which is opposite the setting 
direction, the locking pawl 41, which extends through the recess 52 into the 
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interior of the housing 1 1 , engages with its pawl section 42, which acts as 
entrain member, the ignition unit 12, displacing it into the pre-loaded position 
28, as shown in Fig. 2. The energy accumulator 23, which is formed as a 
spring, is completely stressed, and the ignition unit 12 abuts the damping 
element 20. The catch pawl 46 extends through the slot or recess 53, with the 
catch section 47 of the catch pawl 46 projecting into the interior of the housing 
11. 

In the position shown in Fig. 3, with the setting tool 10 being 
pressed against a constructional component, the actuation switch 16 on the 
handle 21 is actuated, pivoting, with, appropriate means (not shown), the 
locking pawl 41 and the catch pawl 46 from their locking positions 38, 48, 
respectively, to their release positions 39, 49, respectively. The catch section 
47 of the catch pawl 46 and the pawl section 42 of the locking pawl 41 are 
pivoted out of the interior of the housing 11, freeing the displacement path of 
the ignition unit 12 in the setting direction 50 toward the piston guide 13. 

Fig. 4 shows a position in which the ignition unit 12 is abready 
displaced by the energy accimiulator 23 in the setting direction 50 to its ignition 
position 29 to the cartridge chamber 18 in which the propellant 25 is located. 
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When the ignition unit 12 impacts the cartridge chamber (18), a switch 
mechanism (not shown) is actuated, again actuating the catch pawl 46, pivoting 
it again into the interior of the housing 11. The pivoting of the catch pawl 46 
into the interior of the housing 1 1 can be effected, e.g., by a spring element 
provided between the axle or bearing point 45 and the catch pawl 46. The 
locking pawl 41 remains in its release position 39. 

Fig. 5 shows a position in which the drive piston 15, which is 
located in the hollow chamber 14 of the piston guide 13, has aheady been 
displaced forward in the setting direction 50 under the action of a drive force 
generated by ignition of the propellant 25. In this position, the drive piston 15 
can drive a fastening element (not shown) in a constructional component. The 
ignition unit 12 has been displaced by a return kick in the direction 51 opposite 
the setting direction 50 against the damping element 20 and has bounced back 
in the setting direction 50 against the catch section 47 of the catch pawl 46 that 
had been displaced, as discussed above, into its locking position 48. 

Upon release of the actuation switch 16 by the tool user, the 
locking pawl 41 is again pivoted into the interior of the housing 1 1 . Upon the 
setting tool 10 being lifted off the constructional component, the piston guide 
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13 is displaced out of the housing 11, with the setting tool 10 again occupying 
its inoperative position shown in Fig. 1. The advantage of the shown 
embodiment of the invention consists in spacing of the guide for the cartridge 
stip 26 from the ignition unit 12 and the piston guide 13 and the cartridge 
chamber 18 formed therein, which reduces the heat action on propellants, in 
particular, after several settings when both the ignition unit 12 and the piston 
guide 13 become relatively hot. The time the propellant remains in the 
cartridge chamber amounts only to several milliseconds, so that no noticeable 
thermal action on the cartridge strip takes place. 

The embodiment of the setting tool according to the present . 
invention, which is shown in Figs. 6-8, differs from that shown in Figs. 1-5, in 
that the guide 36 for the cartridge strip 26 is not arranged on the housing 1 1 but 
rather is arrange at a front section of the ignition unit 12 and is displaced 
therewith. Thus, the cartridge strip 26 is movable with the ignition unit 12 that 
is displaced from its pre-loaded position 29 (shown in Fig. 8) and in the 
opposite direction. As it has been mentioned above, for clarity sake, the handle 
21 and the actuation switch 16 are now shown in this embodiment. 
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The embodiment shown in Figs. 6-8 further differs from that 
shown in Figs. 1-5 in that the locking element 31, which is formed as a locking 
pawl 41 is supported on the axle 44 which is supported in the housing 1 1 and 
not on the piston guide 13. Further, the locking pawl 41 does not function any 
more as an entrain member for the ignition unit 12. As an entrain member, the 
catch pawl 46 or the safety element 33, which is supported on the axle 45 
forming part of the servo-component 43 fixedly connected with the piston guide 
13, is used. For displacing the catch pawl 46 in the recess 53 in the housing 11, 
there is provided a crank means 54 that pivots the catch pawl 46 out of the 
interior of the housing 1 1 when the setting tool 10 is completely pressed against 
a constructional component. 

Fig. 6 shows the setting tool 10 according to the second 
embodiment in its inoperative position in which the setting tool 10 is ready to 
be ignited, with the ignition unit 12 located in its pre-loaded position 28 against 
the energy accumulator 23. The ignition unit 12 is held in this position by the 
locking pawl 41 . The piston guide 13 projects out of the housing 11, and the 
catch pawl 46 projects into the interior of the housing 1 1 for catching the 
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ignition unit 12 in case it is displaced, for some reason, forward, without the 
actuation of the setting tool 10. 

Fig. 7 shows a position in which the setting tool 10 is pressed 
against a constructional component. The piston guide 13 is displaced into the 
housing 11. The catch pawl 46 is pivoted out of the interior of the housing 1 1 
by the crank means 54. However, the locking pawl 41 still engages the ignition 
unit 12, retaining it in its pre-loaded position 28. 

Fig. 8 shows a position in which the actuation switch (discussed 
with reference to Fig. 1) has been actuated, and the locking pawl 41 for a short 
time has been pivoted out of the interior of the housing 1 1 to its release 
position. In this position, the ignition unit 12, together with the propellant 25, 
can be displaced by the energy accimaulator 23 in the setting direction 50 
toward the cartridge chamber 18 in order to place the propellant 25 into the 
cartridge chamber 18 and to ignite the propellant 25. 

After the ignition, the ignition unit 12 is displaced, as a result of 
the return kick produced by the explosion of the propellant 25, in the opposite 
direction 51 against the damping element 20 and then bounces back against the 
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pawl section 42 of the locking pawl 41 which has aheady been pivoted into its 
locking position 38. When the setting tool 10 is lifted of the constructional 
component, the catch pawl 46 is displaced forward by the crank means 54 
forming part of the servo-component 43 that is displaced in the setting direction 
50 together with the piston guide 13, and is pivoted by a return spring (not 
shown) into the interior of the housing 11 to its locking position 48, as shown in 
Fig. 6. 

For discussion of elements shown in Figs. 6-8 and not specifically 
discussed here, reference can be made to the discussion of these elements which 
was made with reference to Figs. 1-5. 

A setting tool according to the third embodiment, which is shown 
in Figs. 9-10, differs from those described above in that the piston guide 13 is 
fixedly secured in the sleeve-shaped housing 11. When the setting tool 10 is 
pressed against a constructional component, the bolt guide 24 is displaced 
relative to the piston guide 13 (this is not shown here) as the bolt guide 24 in 
this embodiment is displaceably arranged in the setting tool 10 (the bolt guide 
can also be displaceably arranged in the setting tool in the embodiments 
discussed above). As in the first embodiment shown in Figs. 1-5, the locking 
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element 31 of the locking device 30 is supported on the axle 44 forming part of 
the servo-component 43 formed as a rod-shaped member. The locking element 
31 is formed, as in the embodiment shown in Figs. 1-5, as a locking pawl 41 
having a pawl section 42 that projects, in the locking position 38 of the locking 
pawl 41 (Fig. 9) through the recess 52 into the interior of the housing 1 1 . 
However, in the embodiment shown in Figs. 9-10, the servo-component 41 is 
connected with the bolt guide, being displaceable therewith against the housing 
1 1 and the piston guide 13. The safety element 33 or the catch pawl 46 is 
pivotally supported on the axle 45 secured, as in the embodiment shown in Figs. 
1-5, on the housing 11. In the locking position 48, the pawl section 47 of the 
catch pawl 46 projects through the recess 53 in the interior of the housing 1 1 . 

In the embodiment of the setting tool shown in Figs. 9-10, as in the 
second embodiment shown in Figs. 6-8, the guide 36 for the cartridge strip 26 is 
arranged at the front section of the ignition unit 12 and is displaced therewith. 

Fig. 9 shows the setting tool 10 according to a third embodiment of 
the present invention in its inoperative position. The ignition unit 12 is held by 
the catch pawl 46, which is located in its locking position 48, in its intermediate 
position 27. When the setting tool 10 is pressed against a constructional 
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component, the servo-component 43 and the locking pawl 41, which is carried 
thereby, are displaced together with the bolt guide in the direction 51. The 
guide unit 12 is catched by the locking pawl 41 and is displaced thereby 
rearwardly until it impacts the damping element 20. The ignition unit 12 is in 
its pre-loaded position (not shown). As in the embodiment shown in Figs. 1-5, 
upon actuation of the actuation switch (such as the switch 16 carried by the 
handle 21 in Fig. 1), both pawls 41, 46 pivot to their respective release positions 
(not shown). 

Fig. 10 shows a position in which the setting tool 10 is actuated, 
and the ignition unit 12, together with the ignition peg 22 and the cartridge 
chamber bottom 19, is displaced by the energy accumulator 23 in the setting 
direction 50 toward the cartridge chamber 18. The propellant 25 is clamped in 
the cartridge chamber 18 by the ignition peg 22 and is ignited thereby. When 
the ignition unit 12 impacts the cartridge chamber 18, a switching mechanism 
(not shown) is actuated and displaces the catch pawl 46 again into the interior 
of the housing 1 1 . This displacement can be effected with a spring element 
operable between the axle 45 and the catch pawl 46. The locking pawl 41 
remains in its release position 39. 
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As a result of an explosion, the ignition unit 12 is kicked back in 
the direction 51 against the damping element 20, bouncing therefrom in the 
setting direction 50 against the pawl section 47 of the catch pawl 46 which is in 
its locking position 48 (not shown, see Fig. 5). When the setting tool 10 is lifted 
off the constructional component, the bolt guide is displaced in the setting 
direction 50 away from the piston guide 13, and the locking pawl 41 again 
pivots in the interior of the housing 1 1, with the setting tool 10 now occupying 
its inoperative position shown in Fig. 9. 

It should be pointed out that the energy accumulator 23 can be so 
arranged that it is practically not stressed when the setting tool is in its 
inoperative position. As it was discussed with reference to the embodiments 
shown in Figs. 1-8, the setting tool 10 shown in Fig. 9-10 also can have the 
handle 21 with an actuation switch 16, which are not shown for clarity sake. 

It should be fiuther pointed out that the setting tool of all of the 
embodiments can be provided with a piston return mechanism and a mechanism 
for displacing cartridges and the cartridge strip. Further, there can be provided 
means for displacing, upon actuation of the actuation switch, the locking and 
safety elements and, if necessary, other elements and/or devices, e.g., a 
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cartridge transporting mechanism. Further, different elements of the different 
embodiments can be combined with each other. E.g., it is possible to combine 
elements of the embodiments shown in Figs. 1-5 and Figs. 6-8, with the 
cartridge strip guide being secured to the housing, as in the embodiment of Figs. 
1-5, but with the ignition unit being displaced to its pre-loaded position as a 
result of the recoil of the setting tool, as in tiie embodiment of Figs. 6-8. 

Though the present invention was shown and described with 
references to the preferred embodiments, such are merely illustrative of the 
present invention and are not to be construed as a limitation thereof and various 
modifications of the present invention will be apparent to those skilled in the 
art. It is therefor not intended that the present invention be hmited to the 
disclosed embodiments or details thereof, and the present invention includes all 
variations and/or alternative embodiments within the spirit and scope of the 
present invention as defined by the appended claims. 
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